A comparison of five non-instrumented urine drug-testing devices was performed using a challenging clinical specimen set with drug concentrations close to the immunoassay screening cutoffs. The five devices were Syva RapidTest d.a.u. 8, Syva RapldCup d.a.u. 5, Roche TesTcup 5, Biosite Triage, and Casco-Nerl microLINE Drug Screen Card. Sixty clinical specimens for each of the five SAMHSA-specified drug categories were tested by both a scientist and a non-scientist with each result independently read by both. All specimens were also tested on a benchtop automated immunoassay analyzer (Syva ETS using Emit d.a.u, reagents) for comparison and by gas chromatography-mass spectrometry (GC-MS). The non-instrumented devices demonstrated an overall accuracy of 70% (66-74%), based on standard GC-MS confirmation cutoffs, comparable to the Syva ETS analyzer (80%). There was also little difference in overall accuracy between the scientist (71%) and non-scientist (69%), although the non-scientist reported 10 false-positive results (0.7% of 1490 total results or 3.8% of 260 results for drug-free specimens), and the scientist reported only 1 false-positive result (0.07% of 1490 total results or 0.38% of 260 results for drug-free specimens). When device performance was assessed according to drug presence/absence criteria, accuracy generally improved with all devices demonstrating extremely high positive predictive values (0.98-1).
Introduction
There has been much recent interest in the utility of rapid, easy-to-use, non-instrumented urine drug-testing devices for a variety of clinical and non-clinical applications: emergency room (1-3), perinatal (4), drug treatment, regulated and nonregulated workplaces (5, 6) , children and students (7), a variety of criminal justice settings (8) , drugged driving (9, 10) , and even in the home (11) (12) (13) . Since their introduction in the 1980s, there have been numerous technological advancements and performance improvements. The current devices utilize well-established immunoassay technologies with antigenantibody reactions in part occurring on chromatographic test strips and the test results being read visually within a few minutes as the presence or absence of a colored line. The test strips also have control lines so each test is controlled. A wide variety of these devices is now available in both single-and multi-assay configurations and in different formats, such as cup-type devices where the specimen may be provided directly into the device, card-or cassette-type devices where the specimen is applied to the enclosed test strip using a pipette, and dipstick-type devices where the test strip is immersed in an aliquot of the specimen. These devices are generally easy to use and rapid with results generally available within 10 rain, and often within 5 min. The great interest in these devices is evidenced by the rapid proliferation of the variety of these devices and the numerous positive performance evaluations of these devices presented at scientific meetings and in scientific publications .
Furthermore, the utility and application of these and other unit test devices are undergoing active regulatory review by numerous agencies: the U.S. Food and Drug Administration (FDA) establishing regulatory clearance criteria for marketing, with at least one non-instrumented drug-testing device already cleared by the FDA for at-home use; the Substance Abuse and Mental Health Services Administration (SAMHSA) for potential application in federally regulated workplace drugtesting programs; a wide variety of criminal justice agencies; and laboratory accreditation and standards organizations such as the College of American Pathologists (CAP), the Healthcare Financing Administration (HCFA), and the National Committee for Clinical Laboratory Standards (NCCLS).
However, there has been ongoing concern that these simple, visually read devices may not provide sufficient scientific or forensic accuracy for use in some of the mentioned applications. Currently, there appears to be a consensus that these devices' results should not be used without further confirmation testing, regardless of the setting. Although many of the published performance studies have found these devices to perform surprisingly well, some published studies have been critical of their performance (1, (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) . It is interesting to note that although these devices are now being widely used in numerous settings, there is little significant case law where there has been detailed judicial scrutiny of the accuracy of these devices and whether use of these devices fulfills the due process requirements in each of the variety of settings.
The concerns of the accuracy of these devices are based mainly on the subjective nature of visually reading the test results as the presence or absence of a colored line. Visual determination of the test results is considered to be the most challenging when specimen drug concentrations are near the immunoassay cutoffs, and accordingly the clear presence or absence of a line may be difficult for the operator to determine. The device package inserts indicate that any such equivocal or borderline results should be reported as negative, taking a conservative approach. There are also concerns about accuracy since the tests may likely be performed by non-technical staff without formal laboratory experience.
In order to address these concerns of accuracy of these noninstrumented drug-testing devices, a comparison study of five current devices was performed to assess their relative performance using a challenging clinical specimen set specifically selected to be weighted around the standard SAMHSA immunoassay screening cutoffs. A few other studies have also specifically addressed device performance with specimens with drug concentrations near the assay cutoffs (5, 8, 36, 37) . In addition, the study assessed device performance in the hands of both scientifically trained and non-technical operators.
Materials and Methods
The five devices included in the study were Syva RapidTest d.a.u. 8, Syva RapidCup d.a.u. 5, Roche TesTcup 5, Biosite Triage, and Casco-Nerl microLINE Drug Screen Card. All devices were obtained directly from the respective manufacturers; the Syva RapidTest and Syva RapidCup were provided at no cost, and the other devices were purchased.
Product descriptions
Syva RapidTest d.a.u. 8. This cassette-type device requires the dropwise addition of three drops of urine to each of the cassette's two specimen wells using the provided disposable squeeze-type plastic pipette. The specimen immediately wicks along the two parallel test strips, with each strip testing for four drugs. Each strip also has a single control line. Results are read between 5 and t0 rain. Positive results are indicated by the absence of a colored line across the test strip for each assay. This device required about 6 rain to perform each test.
Syva RapidCup d.a.u. 5. This combination collection/test cup device has five single-assay test strips built into the wall of the cup. Each strip also has a single control line. A specimen is provided directly into the collection/testing device and the cap is partly secured. The test is not activated until the cap is further screwed down to its full stop position. The cap has a tamper-evident ratcheting mechanism that precludes the cap from later being removed without evidence. The cap presses down a dual O-ring sealed plunger that delivers a small portion of the specimen to the test well in the base of the device, isolating the test aliquot from the remainder of the specimen. The test sample wicks up the test strips, and the results are read through the window in the side of the collection/test cup. Positive results are indicated by the absence of a colored line across the test strip. This device required about 4 min to perform each test.
Roche TesTcup 5. This combination collection/test cup has five single-assay test strips built directly into the wall of the device. Each strip also has a single control line. The specimen is provided directly into the cup, and the cap is secured. To activate the test, the cap is rotated further to the test position, and the cup is partially inverted. Inverting for 10 s allows the specimen access to the test strips. The cup is returned to the upright position, and results are read by removing a protective adhesive strip over the results window. Positive test results are indicated by the absence of a colored line. This device required about 4 min to perform each test.
Biosite Triage. This cassette4ype device requires the addition of a fixed volume of specimen (via a specially provided pre-calibrated syringe with disposable tips) to a well in the cassette that contains three lyophilized reagent beads. The reaction mixture is allowed to incubate in the cassette well for 10 min. The tip on the syringe is then replaced, and the incubated reaction mixture is drawn into the syringe and spread across the cassette's multi-assay test strip. The test strip also has both a positive and negative control line. After rapid absorption of the mixture into the strip, three drops of a wash solution are added and the results read within 5 rain. For this device, positive results are indicated by the presence of a colored line across the test strip (unlike the other devices, which are read in the opposite manner, with positive results indicated by the absence of a colored line). This device took the longest to perform, about 13 rain, because of the 10-rain incubation time.
Casco-Nerl microLINE Drug Screen Card. This cassette~ type device has five single-assay test strips extending below the cassette. Each assay strip also has a single control line. The test kit includes a plain specimen cup into which the strips protruding from the cassette device are inserted into the specimen. After the wicking process is observed in the results windows (about 30 s), the device is removed from the specimen cup and the protruding test strips are covered with a plastic protective cover. Results are read within 3-8 min. Positive test results are indicated by the absence of a colored line. This device required about 4 min to perform each test.
Study design
The study design, using a selected clinical specimen set weighted around the device immunoassay cutoffs, is effectively the same as that used by this author in two previous comprehensive studies of non-instrumented devices performed by Duo Research, Inc., one for the Administrative Office of the U.S. Federal Courts in 1996 (8) and one for SAMHSA in 1998 (5) .
It is clear that drug4ree specimens, as well as strongly positive specimens, should be easily and correctly identified by the devices. Accordingly, testing such specimens provides little guidance on any performance differences between devices. In contrast, testing specimens with immunoreactive concentrations of drugs and metabolites near the devices' immunoassay cutoffs provide a more rigorous challenge of these devices' capabilities. In particular, such a challenging specimen set allows an assessment of how well the manufacturers have established device cutoffs claiming to match the screening cutoffs specified by SAMHSA. It is important to know whether a device's cutoff is functionally shifted to higher levels such that the device proves conservative (i.e., not identifying as positive specimens with drug concentrations just above but near the cutoff) or aggressive (i.e., identifying as positive specimens containing drug below but near the cutoff). Furthermore, such a challenging specimen set allows a determination of how sharp or well-defined the cutoff is and its ease of readability by the operators.
Clinical specimens submitted by U.S. Federal Probation sites for routine drug testing at a SAMHSA-certified laboratory were chosen for inclusion in the study based on their immunoassay screening results from a high-volume automated immunoassay analyzer (Hitachi 747 using Diagnostic Reagents, Inc. immunoassay reagents). Once the specimen set was chosen, results from this analyzer were not used further in the study. For each drug category, the specimens were either from frozen storage or freshly submitted. The specimens were selected such that 10 specimens were drug-free (with immunoassay screening rates at the level of a negative control), 20 were close to but below the immunoassay screening cutoff, 20 were close to but above the immunoassay screening cutoff, and 10 were more clearly above the immunoassay screening cutoff but yet not strongly positive. Thus, two-thirds of all specimens were chosen to have immunoreactive levels around the screening cutoff. All selected specimens had gas chromatographic-mass spectrometric (GC-MS) analyses performed for the specific analyte in question. The devices were tested with 60 clinical specimens each for amphetamines, cannabinoids, and cocaine and 59 clinical specimens each for opiates and PCP. The final specimen distribution by GC-MS levels and confirmation criteria is shown in Table I .
Having all of the selected specimens analyzed by GC-MS before inclusion in the study was important. This ensured that all specimens showing immunoreactivity for amphetamines actually demonstrated the presence of amphetamine and/or methamphetamine and that any of the observed screening test immunoreactivity was not due solely to the presence of high levels of potentially cross-reacting amphetamine-like materials. In addition, specimens showing immunoreactivity for opiates were included only if they contained morphine and/or codeine and not other opiates, so as to avoid cross-reactivity issues from other immunoreactive opiates such as hydrocodone or hydromorphone. Finally, as clinical specimens actually containing PCP were rare, 35 of the PCP-containing specimens used the study were prepared by diluting PCP-containing specimens with drug-flee urine.
All of the selected specimens were stored refrigerated at 4~ pending testing in the study.
Experimental protocol
The tests were performed independently by two operators, one with a strong laboratory background (B.S. in Biochemistry) and the other with no laboratory or scientific experience. Before the start of the study, the operators were given each the device's package insert to read, instructed in the use and operations of all devices, and tested five levels of control specimens to become familiar with the testing and reading operations. All test results were independently read and recorded by both operators. The total number of results was 2980 (298 specimens tested on each of five devices, with each result independently read by two operators).
In addition, a benchtop automated immunoassay analyzer, the Syva ETS using Emit d.a.u, reagents, was also included to compare the performance of the objectively read analyzer against the subjectively read non-instrumented test devices. The Syva ETS analyzer was operated by the principal investigator, independently from the non-instrumented device testing by the two other principal operators. Each day, specimens from one of the five drug classes were tested on all non-instrumented devices as well as on the Syva ETS analyzer. The test operators knew which drug they were testing for each day but not whether the specimens were drugfree, borderline, or clearly positive. This was done solely for expediency in requiring assessment and recording of only one drug assay's results from the multi-assay devices. Specimens were tested in 2 groups of 10. Refrigerated specimens, identified only by barcode labels, were brought to room temperature, and 1-mL aliquots were removed for testing on the Syva ETS analyzer. The remainder of the specimen was tested by the two operators on the five different non-instrumented devices, one type of device at a time. Thus, each operator had 10 specimens, and these specimens were tested first with one type of device. After reading and recording the results for their 10 specimens, the operators quickly moved to each other's stations and read the other operator's developed devices, ensuring that all testing and reading was performed within the manufacturer's specified time limits. Then the next type of device was tested with the same 2 sets of 10 specimens, and so forth. Although each specimen's test on a given device was performed by only one of the operators, every test result was independently read and recorded on their own daily test sheets by both operators. Results from the Syva ETS analyzer were recorded separately from the device results, and the device operators were not informed of the Syva ETS analyzer's results nor of each other's readings.
Test results as read by the operators were recorded as one of three options: clearly negative, borderline, or clearly positive. Although all the test devices' package inserts indicate that any equivocal or borderline results should be reported as negative to be conservative, for the purposes of this study it was important to capture information on when the test results were viewed as equivocal by the operators. Thus, the operators were given the additional reporting option of the borderline result designation. However, for performance assessment, any recorded borderline results were scored as negative per package insert instructions.
For the primary performance assessment, the standard was confirmability using SAMHSA GC-MS confirmation cutoff criteria in place at the time of the study (Table II) . In addition to assessing device performance using SAMHSA GC-MS confirmation criteria, device performance was also assessed by drug presence or absence in the specimen by GC-MS limit of detection criteria. The reason for making this alternative performance assessment is that in certain testing scenarios it may be useful to know that a device's positive screening result correctly identified the presence of drug in a specimen, even though the level of the drug may not be sufficient to be confirmed under SAMHSA GC-MS confirmation criteria. When appropriate in a given testing program, confronting a drug user with such an initial positive result may lead to an admission of drug use, even though subsequent confirmation testing, if performed, may return an unconfirmed result. Alternatively, it may be useful to know if a non-instrumented device's negative result truly indicates no drug present, rather than levels simply below confirmation cutoffs.
Results
The performance of the test devices was assessed in terms of five standard criteria: sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall accuracy.
Performance of non-instrumented devices versus Syva ETS analyzer
Overall the non-instrumented urine drug-testing devices performed well relative to the Syva ETS analyzer, even considering the especially challenging near cutoff specimen set. Using GC-MS confirmation criteria, the five non-instrumented devices had an overall accuracy of 70% compared to the Syva ETS analyzer's overall accuracy of 80%. The non-instrumented devices as a group demonstrated comparable accuracy to the Syva ETS analyzer for cocaine (82% vs. 80%) and for amphetamines (71% vs. 72%), but lower accuracy than the Syva ETS analyzer for cannabinoids (63% vs. 72%), opiates (72% vs. 90%), and PCP (62% vs. 85%). However, in six individual device/assay instances, the non-instrumented devices outperformed the Syva ETS analyzer. For cocaine, the accuracy of the Syva RapidTest (93%), Syva RapidCup (86%), and Roche TesTcup (88%) outperformed the Syva ETS analyzer (80%). For amphetamines, the Roche TesTcup (80%), Biosite Triage (73%), and Casco-Nerl microLINE (73%) outperformed the Syva ETS analyzer (72%).
Individual device performance for five drugs
The overall accuracy of each non-instrumented device for the five drugs was similar, varying between 74% for the Syva RapidTest and 66% for the Syva RapidCup. The Syva RapidCup had the best overall sensitivity at 95%, reflective of this device's relatively aggressive nature, whereas Biosite Triage had very low sensitivity at only 32%, reflecting this device's relatively conservative nature, at least with these near cutoff specimens (Table III) .
Device performance by drug class
Amphetamines. Overall the non-instrumented devices performed comparably to the Syva ETS analyzer for amphetamines (71% accuracy for the devices vs. 72% for the analyzer). The Roche TesTcup had the highest accuracy (80%) and Syva RapidCup the lowest (58%) when using SAMHSA GC-MS confirmation criteria. A key performance determinant among the devices was their detection of specimens containing methamphetamine above 500 ng/mL but less than 200 ng/mL amphetamine as required for methamphetamine-confirmed results under current SAMHSA criteria. Sensitivity for all devices except Biosite Triage was excellent (92-94%) with according]y very high negative predictive values (0.95-1); Biosite Triage had a very low 19% sensitivity (Table IV) .
Because the devices have varying antibody sensitivity to amphetamine and methamphetamine, it is important to fully describe the specimen set utilized to fairly interpret these performance results. For the 60 amphetamines specimens, there were 11 drug-free specimens with no amphetamine or methamphetamine detected by GC-MS and 18 confirmable specimens fulfilling the SAMHSA criteria of either 500 ng/mL amphetamine or a combination of 500 ng/mL methamphetamine along with 200 ng/mL amphetamine. Of these 18 confirmable specimens, 9 were confirmable under both the amphetamine and methamphetamine confirmation criteria. Of the 31 remaining specimens, all contained amphetamine and/or methamphetamine, but at levels insufficient to meet the SAMHSA confirmation criteria. Two of these unconfirmable specimens had amphetamine only at levels below 500 ng/mL. Eighteen of the unconfirmable specimens had methamphetamine only (with six of those with methamphetamine levels > 500 ng/mL). The other 11 unconfirmable specimens had both amphetamine and methamphetamine, 7 with both methamphetamine and amphetamine below 500 ng/mL and 4 with methamphetamine levels above 500 ng/mL and amphetamine levels below 200 ng/mL. Thus, there was a total of 10 specimens with > 500 ng/mL of methamphetamine, but with insufficient amphetamine to be confirmable under current SAMHSA GC-MS confirmation criteria (six of these had no amphetamine and four had amphetamine present but < 200 ng/mL). Detection of these 10 specimens that contained over 500 ng/mL of methamphetamine may not be considered a deficiency for these screening devices, even though the screening results would not be confirmable under SAMHSA criteria. For these 10 specimens, Syva RapidCup detected 10 of 10, microLINE and the Syva ETS analyzer 9 of 10, Syva RapidTest 8 of 10, Roche TesTcup 4 of 10, and Triage 1 of 10.
Cannabinoids. Overall, the non-instrumented devices performed slightly more poorly than the Syva ETS analyzer for cannabinoids (63% accuracy for the non-instrumented devices vs. 72% for the Syva ETS analyzer). Casco-Nerl microLINE had the highest accuracy (71%), and Biosite Triage had the lowest (50%). Surprisingly, Biosite Triage did not detect any of the 30 GC-MS-confirmable cannabinoid specimens in the study. In fact, there were no positive cannabinoids results recorded by either operator for any cannabinoids specimen. However, it should be noted that the highest GC-MS level of THC-COOH in any specimen was only 25 ng/mL, relatively close to the GC-MS confirmation cutoff of 15 ng/mL. Syva RapidCup had the highest sensitivity at 85%, whereas Syva RapidTest's sensitivity was quite low at 35% (Table V) .
Cocaine. Overall, the non-instrumented devices performed slightly better than the Syva ETS analyzer for cocaine (82% accuracy for the non-instrumented devices vs. 80% for the Syva ETS analyzer). The Syva RapidTest had the highest accuracy (93%), and Biosite Triage had the lowest (65%). Three of the devices showed very high sensitivity with the Syva RapidTest at 100%, Syva RapidCup at 99%, and the Roche TesTcup at 93%. However, Biosite Triage had a very low sensitivity of 48%. All the devices had high positive predictive values (0.83-1) (Table VI) .
Opiates. For opiates the non-instrumented devices performed slightly more poorly than the Syva ETS analyzer (72% accuracy for the devices vs. 90% accuracy for the Syva ETS analyzer). Biosite Triage had the highest accuracy (84%), and Syva RapidCup had the lowest (64%). Casco-Nerl microLINE had very low sensitivity (32%) ( Table VII) .
PCP. For PCP, the non-instrumented devices demonstrated
lower accuracy than the Syva ETS analyzer (62% for the non- 
Performance by scientist and non-scientist operators
The tests were performed and independently read by two operators: one with strong scientific laboratory training and the other without any laboratory experience. However, there was little overall performance difference between them: overall accuracy for the scientist was 71% and for the non-scientist was 69%. The two operators completely agreed on 81% of their 1490 determinations (i.e., both reporting negative, borderline, or positive for a particular specimen with a particular device). line is read as a positive result, whereas for 65% all the other devices, the presence of a line 58% is read as a negative result. This potential 85% for confusion when using several devices with inconsistent reading criteria could for the scientist, and 67% accuracy for the 67% non-scientist (Table X) . The proportion of borderline results and their accuracy also varied among the different devices. The Syva RapidCup had the fewest borderline results (10%), and CascoNerl microLINE had the most (32%). The accuracy of borderline results was highest for the Roche TesTcup (82%) and lowest for Biosite Triage (34%) ( Table XI) . There were also differences in the proportion and accuracy of borderline results between the five various drug classes with the proportion of borderline results varying between 18 and 34% among the drugs and the accuracy of borderline results scored as negative varying between 53 and 85%, but no significant patterns were noted. account for the fact that of the 11 false-positive results (positive results for specimens with no detectable analyte by GC-MS), 10 were recorded by the non-scientist (although there were no false-positive reports for Biosite Triage).
Accuracy
It is important to carefully define the term false positive as used in this study. False-positive results are positive test results for specimens that had none of the analyte in question by GC-MS. It is important to distinguish such false-positive results from unconfirmed positive results, where device results were reported as positive and the analyte in question was in fact present by GC-MS, but at levels below the confirmation criteria.
There were 52 specimens that were drug-free by GC-MS. Of the 520 total results for these drug-free specimens, only 11 (2.1%) were incorrectly reported as positive. It is important to note that for all of the 11 false-positive results, the two readers' results were discordant. That is, for none of 11 specimens with false-positive results did both readers report a false positive result. For four of the false-positive results, the operators completely disagreed, with the non-scientist reporting a clear positive and the scientist reporting a clear negative. Because of the varied reading formats of the devices, the non-scientist was occasionally confused about whether a line on the device meant a positive or a negative result. Such confusion would not be expected in actual field situations where it was likely that only one type of device would be used. The scientist's one falsepositive result was with the Roche TesTcup for cocaine, for which the non-scientist reported the result as borderline (Table IX) .
The proportion of all results reported as borderline was 25% across all devices and drugs, but the rate of reporting borderline results did vary between the operators, with the scientist reporting 31% of all results as borderline and the non-scientist reporting only 20% as borderline. It is surprising that the number of borderline results was so low given that two-thirds of the specimen set was selected to be borderline. The overall accuracy of the borderline results (when scored as negative per package insert instructions) was 64%, which was comparable
Performance according to drug presence/absence
The accepted standard for assessing screening test performance has been confirmability using SAMHSA GC-MS confirmation criteria. However, depending on a particular testing program's goals, a screening test may not be considered deficient in identifying the presence of drug in a specimen simply because that result may not fulfill secondary confirmation testing criteria. The question asked by a drug-testing program may simply be whether or not the donor has recently used drugs, not specifically whether or not a test result is confirmable. In some testing programs, effectively identifying specimens with drug present, even if below confirmation cutoffs, may still prove useful, such as leading to an admission of use when the donor is confronted with positive screening test results. It was deemed valuable to assess the performance of these devices when the criteria are whether the specimen actually contained the analytes in question or not. Devices that are aggressive in nature, that is, having high sensitivity and identifying as positive specimens samples that have the drug in question but perhaps below cutoff, should show an improvement in performance when assessed by drug presence/absence criteria. On the other hand, devices that are conservative in nature, that is, with relatively low sensitivity and only identifying as positive specimens that are at or enough above the cutoff to ensure that device positive results are confirmable, would be expected to show a decrease in performance. Of course with specimens well below or above the cutoffs, these aggressive/conservative performance differences would not be noticed or significant.
When performance was assessed according to drug presence/absence, for the Syva RapidTest and Casco-Nerl micro-LINE there was little difference in overall accuracy than when using standard SAMHSA GC-MS confirmation criteria. For Roche TesTcup, the accuracy improved slightly, whereas for Syva RapidCup there was a significant increase in overall accuracy from 66% to 93%, reflecting an aggressive nature with these near cutoff specimens. In contrast, for Biosite Triage, accuracy declined significantly, reflecting a conservative nature with these near cutoff specimens. The overall specificity and positive predictive values for all devices were very high (specificity 94-100%, positive predictive value 0.98-1). This is effectively a reflection of the fact that these devices had almost no false-positive results (positive results with drug-free specimens). Rather, the devices (other than the conservative Biosite Triage) often demonstrated positive results when there was in fact drug present even at levels below confirmation cutoff criteria. In this study, positive test results for these devices had virtually 100% accuracy in correctly indicating the presence of drug (Table XII) .
Discussion
Overall, this study has demonstrated a high level of performance for these easy to use, rapid, non-instrumented drugtesting devices, especially when considering the challenging near cutoff specimen set used for the study.
It is well appreciated that such a specifically selected specimen set weighted around the immunoassay cutoff does not represent what would be expected in actual clinical or field situations. In fact, even better device performance would be expected in actual clinical and field situations than demonstrated with this challenging specimen set. The specimen distributions in typical drug testing scenarios would not be expected to be weighted around the cutoff, but rather would have much greater proportions of the more easily correctly identified drug-free and strongly positive specimens, with only a small proportion of the specimens around the immunoassay cutoff. One study of urine drug testing in an emergency room setting reported that less than 4% of specimens submitted for suspected drug use had immunoassay rates that were within three standard deviations (assay precision) of the immunoassay cutoff rate (48) . The devices performed extremely well with drugfree and clearly positive specimens. The overall accuracy of the devices with the drug4ree specimens was 97.9% (results reported as clearly negative). With clearly positive specimens with drug levels at least 50% above the confirmation cutoffs, device accuracy was 82.9% (results reported as clearly positive), and this performance improves to 93.8% for the four devices other than the relatively low sensitivity Biosite Triage.
Of course, one important issue of assay performance not addressed by this study is the role of potentially cross-reacting substances in actual clinical specimens. This study intentionally selected clinical specimens to contain only the analyte(s) in question. Assessing the devices' cross-reactivities to other substances was beyond the intended scope of this study. It should be noted that the devices' package inserts do specify assay cross-reactivities to a wide variety of other analytes.
Overall, four of the five devices performed comparably with each other, with the Biosite Triage device notably less sensitive (more conservative) than the others, with a very low overall sensitivity of 32%. Triage missed all 30 of the confirmable cannabinoid specimens in the study, with no positive results reported by either operator. The Syva RapidTest had the highest overall accuracy at 74%, followed by Roche TesTcup (73%), Casco-Nerl microLINE (70%), Biosite Triage (67%), and Syva RapidCup (66%).
Only 2.1% (11) of the 52 drug-free specimens (with no analyte detected by GC-MS) yielded false-positive test results, with all but one of these reported by the non-scientist. Furthermore, for none of these false-positive results did the operators agree.
Borderline or equivocal results were a surprisingly low 25% of all results considering the specimen set being weighted around the immunoassay cutoffs. When such borderline results were conservatively scored as negative, per package insert instructions, they had comparable overall accuracy (64%) to clearly negative results (75% accuracy) and clearly positive results (66%). Thus the concerns that operator uncertainty in reading borderline results would lead to poor performance appear unfounded.
Overall, both the scientist and non-scientist operators performed comparably, although the non-scientist appeared to have more difficulty switching between devices with opposite reading requirements. The main performance difference between the scientist and non-scientist was in the number of false-positive results, with the non-scientist reporting 10 falsepositive results (0.7% for 1490 total results or 3.8% of 260 results for drug-free specimens) and the scientist reporting only I false-positive (0.07% of 1490 total results or 0.38% of 260 results for drug-free specimens). Nonetheless, both operators completely agreed on their results 81% of the time, in spite of the near cutoff specimen set that would have been expected to lead to a large number of equivocal results. This indicates that the device manufacturers have done a good job in ensuring that the devices provide reasonably clear and distinct endpoints.
When using drug presence/absence instead of standard confirmation cutoffs as the performance criteria, the Syva RapidCup had the highest accuracy overall (increasing from 66% to 93%), and Biosite Triage had the lowest (decreasing from 67% to 34%), with all the devices demonstrating ex- tremely high positive predictive values (0.98-1). In drugtesting programs where it is important not to miss drug users, the more aggressive devices would be preferred, especially considering that as currently practiced there is the opportunity for some form of confirmation, for example, by an admission of use, clinical observations, or further confirmation testing. Alternatively, if the device screening test results might be used without any form of confirmation, which is unlikely, or a testing program wanted to ensure that positive test results are confirmable, then a conservative device would be preferred, but with the trade-off of missing drug users. The results of this comparative study allow each drug-testing program to choose the type of device, aggressive or conservative, that best fits its goals. It should be emphasized that although these devices demonstrated their respective aggressive or conservative natures with these near cutoff specimens, in actual field use these differences may be minimized as the specimen distributions should be quite different.
The results from the present study are comparable to those observed in two similar comprehensive studies, also performed by the author with Duo Research, Inc. The first of these was performed in 1996 commissioned by the Administrative Office of the U.S. Courts in response to the issuance of President Clinton's Executive Order in 1995 that all federal arrestees be subjected to drug testing. (8) That study of 15 non-instrumented devices found that many of these devices performed amazingly well, especially considering a challenging specimen set weighted around the immunoassay cutoffs, with accuracies judged by standard GC-MS confirmation comparable to a benchtop automated immunoassay analyzer (Syva ETS using Emit d.a.u, reagents). The non-instrumented devices demonstrated an overall accuracy of 71% (52-79%) compared with the Syva ETS analyzer's average of 80% (78-82%). A second similar study was commissioned in 1998 by the Substance Abuse and Mental Health Services Administration (SAMHSA) with similar impressive results, with the 15 devices demonstrating an overall accuracy of 70% (61-78%) versus the Syva ETS analyzer's 76% (5) .
These three studies together clearly demonstrate the impressive capabilities of these non-instrumented urine drugtesting devices and serve as a testament to the advances in immunoassay technology. These devices are expected to demonstrate even higher accuracies with specimen populations actually encountered in routine clinical, workplace, and corrections settings, where specimens should not be weighted around the immunoassay cutoffs as in these studies.
Conclusions
This study has demonstrated the impressive performance capabilities of five non-instrumented drug-testing devices with a challenging near cutoff specimen set. Both scientifically trained and non-scientist operators were able to demonstrate comparable overall performance, although the non-scientist reported 10 false-positive results (0.7% of 1490 total results or 3.8% of 260 results for drug-free specimens), and the scientist reported only I false-positive result (0.07% of 1490 total results or 0.38% of 260 results for drug-free specimens). Overall per-formance using GC-MS confirmability criteria was comparable to an automated immunoassay analyzer (Syva ETS using Emit d.a.u, reagents), with some devices occasionally matching or even exceeding the performance of the Syva ETS analyzer. Furthermore, when assessed against the criteria of drug presence and absence, device performance generally improved, with all devices showing extremely high positive predictive values. It is clear that such non-instrumented devices should be able to fulfill the due process requirements in a wide variety of settings. What remains is for there to be significant case law establishing judicial recognition of the accuracy of these devices and acceptability of their use in different testing contexts.
